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Peanut agglutinin (PNA) was known for its selective binding to cone cells. In the present study, we
investigated whether there was any difference in PNA binding among various subtypes of cone
photoreceptor cells in the dace retina. The outer segments of the long-double- and long-single-cone
cells were preferentially labeled with PNA. Ultrastructural pre-embedding labeling revealed that
the binding sites of PNA were confined to the calycal processes of these cells. By contrast, only slight
labeling was discerned on the corresponding regions of other types of cone cells. The results indicate
that PNA can distinguish the long-wavelength-sensitive cone from the short-to-middle-wavelength-
sensitive cone cells. Copyright 01997 Elsevier Science Ltd
Retina Cone photoreceptor cell Long-wavelength sensitivity Peanut agglutinin binding
Dace (Tribolodonhakonensis)
INTRODUCTION
In detecting neural networks, it is important to identify
the cone chromatic subtypes, which convey color
information to the second-order neurons such as
horizontal and bipolar cells. The differences in color
sensitivity are primarily determined by visual pigments,
which comprise retinal and opsins (Applebury &
Hargrave, 1986; Nathans et al., 1986). Aiming at
determining color specificity of cone cells, a series of
monoclinal antibodieswas raised against various visual
pigments obtained from several different species (Bunt-
Milam et al., 1986; Lemmon, 1986; SZ61et al., 1986,
1988; Cserhati et al., 1989; Yoshida et al., 1991).
Another cytochemical approach to the problem was the
application of a plant lectin, peanut agglutinin (PNA),
which had been originally found useful in distinguishing
a cone from a rod cell in vertebrate retinas (Bridges,
1981; Blanks & Johnson, 1984; Kivela & Tarkkanen,
1987). Recently, the labeling preference of PNA for
subgroupsof cone cells has been reported in the ground
squirrel(SZ61et al., 1993)and porcine retinas (Rohlichet
al., 1989).
The Japanese dace (Tribolodon hakonensis) is known
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to have a retina characterized by highly regular cone
mosaicism (Engstrom, 1960). By microspectrophotome-
try (H6rosi & Hashimoto,1983), the color reception has
been assigned”for discrimination to different types of
photoreceptorcell; the long-wavelength(red) sensitivity
to the long-double-and the long-single-cone,the middle-
wavelength (green) to the short-double-and the medium-
single-cone, the short-wavelength(blue) or ultraviolet to
the short-single-conecell [Fig. l(a)]. The lectin binding
propertyof the individualtype of cone cell, however, has
not been described. In the present study, we examined
PNA bindingsites in the dace retina by light and electron
microscopy.
MATERIALSAND METHODS
Staining with biotinylated peanut agglutinin
Dace, commercially obtained from a local fishery
agent, were maintained in the tank with aeration and
filteringunder natural illumination.After dark adaptation
for 2 hr, the eyes were removed and dissected in the
chilled saline. Following immersion fixation in 4%
paraformaldehyde-o.l M sodium cacodylate solution
for 30 rein, a part of the specimen was embedded with
acrylamideresin to be sectionedat 10 pm in thicknesson
a cryostat at –20”C. The cryosectionwas incubatedwith
25 #g/ml biotinylatedPNA (b-PNA);andthen with ABC
complex consisting of avidin DH. and biotinylated
horseradish peroxidase (Vector Laboratories, Burlin-’-- ““
game, CA). After being rinsed several times, the section
was developed with diaminobenzidine solution (Sigma
383
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FIGURE 1. (a) Schematic drawingof the arrangementof cone cells in
the dace retina. This scheme is modifiedfrom Engstrom (1960). The
meridionalview manifests almost a three layered arrangementof cone
cells; the most vitreally located layer of short-single-conecells (A),
intermediate layer of medium-single-cone cells (B), and the most
sclerally located layer of double-cone(C) and long-single-conecells
(D). The long-wavelength (red) sensitivity is assigned to the long-
double-and the long-single-cone,the middle-wavelength(green)to the
short-double- and the medium-single-cone, the short-wavelength
(blue) and ultraviolet to the short-single-cone cell. (b) Nomarski
interference micrograph of biotinylated PNA-stained section. PNA
labeling is enhanced especially in the proximal region of the outer
segment of the long-double-and long-single-conecell. Slight labeling
occurs in the corresponding region of the short-double-, middle-
single-, and short-single-conecell. However,subgroupsof the middle-
single-conecells (*) are moderatelylabeled with PNA.There seems to
be no labelingon rod cells. Apart of the outer synapticlayer showsthe
positive reaction (arrows). Bar = 10pm, x 600.
Chemical Co., St. Louis, MO). The specificityof b-PNA
bindingwas checked by competitiveinhibitionof lactose
(Sigma Chemical Co.) at 200 mM.
Staining with ferritinized peanut agglutinin
After fixation with 2.5% glutaraldehyde-o.l M phos-
phate buffer solution, the specimen was incubated with
100 ~g/milferritinized PNA (Fer-PNA), postfixed with
1.0%0s04, and embeddedin Epon.Ultrathinsectionwas
prepared with the diamond knife on the MT-II ultra-
microtome(Du Pent, Newtown, CN), and examinedwith
a H-700 microscope (Hitachi Ltd, Tokyo). Specificityof
Fer-PNA binding was checked by competitiveinhibition
of lactose (Sigma Chemical Co.) at 200 mM.
RESULTS
By applicationof b-PNA to the cryosection [Fig. l(b)],
it was demonstrated that the proximal half of the outer
segment of the long-double- and long-single-cone cell
preferentially bound PNA. The distal half of the outer
segmentof these cells was moderatelystainedwith PNA.
Slight labeling was recognized in the corresponding
regions of the short-double-, middle-single-, and short-
single-cone cells. Note that several middle-single-cone
cells were moderately stained. In addition, there was a
positive reaction in part of the outer synaptic layer. We
could not find PNA binding in the control experiments.
On electron micrograph of the double cone cell [Fig.
2(a-c)], numerous Fer-PNA particles were seen exclu-
sively on and near the calycal process surrounding the
proximalportionof the outer segmentof the long-double-
TABLE 1. Peanut agglutininbinding to the cone photoreceptorouter
segment regions in the dace retina
LD SD LS MS SS
b-PNA i-i--!- + i-i-+ +, ‘4+ +
Fer-PNA ++-+ +, – i-+ – —
LD, Long-double-conecell; SD, short-double-cone cell; LS, long-
single-cone cell; MS, middle-single-cone cell; SS, short-single-
cone cell; b-PNA, biotinylated peanut agglutinin; Fer-PNA,
ferritin-conjugated peanut agglutinin. Specificity was graded
qualitativelyby visual judgment in each outer segment region of
the cone photoreceptorcells as negative (–), weak ( + ), moderate
( + +), or intense reaction ( + + + ).
cone cell [Fig. 3(a, c and e)]. By contrast, there were few
ferritinparticleson the correspondingregion of the short-
double-cone cell [Fig. 3(b and d)]. In the single-cone
cells, the calycal process surrounding the proximal
portion of the outer segment of the long-single-conecell
was strongly labeled with Fer-PNA [Fig. 4(a)], whereas
the corresponding regions of the middle-single- [Fig.
4(b)], short-single-cone,and rod cells [Fig, 4(c)] were
devoid of PNA labeling. On the outer segment plasma
membrane proper, Fer-PNA particles were not recog-
nized in any type of cone cells. In the control experiment,
Fer-PNAbindingwas competitivelyinhibitedby lactose.
Observationsof lectin cytochemistryusing b-PNA and
Fer-PNA were summarizedfor cone cells in Table 1.
DISCUSSION
The present study showed that PNA is preferentially
bound to the long-wavelength-sensitive cone cell,
especially in the proximal region of the outer segment.
Ultrastructural labeling revealed that the PNA binding
sites are the calycal processes.
Based on the analysis of DNA sequence encoding
human visual pigment (Nathans et al., 1986), there is a
high concordance rate in the amino acids between
middle- and long-wavelength sensitive cone opsins.
The findingindicates that the delineationof these opsins
may be difficult by immunological procedures. In fact,
the anti-visual pigment antibody, COS-1, labels both
long- and middle-wavelength sensitive cone outer
segmentsin the porcine (Rohlichet al., 1989)and human
retina (Rohlich & SZ41,1993).By contrast, COS-1 labels
the outer segment of the long-wavelength-sensitivecone
cell with red oil droplet, but does not label the same
member with yellowish-greenoil droplet as well as the
middle-wavelength-sensitivecone cell in the chicken
retina (SZ61& Rohlich, 1985; SZ61et al., 1986). In the
turtle retina, the monoclinal antibody, MAb 15–18,
which labels only the rod outer segment in the
mammalian retina, shows immunoreactivityin the outer
segment of the middle-wavelength-sensitivecone cell,
whereas the outer segment of the long-wavelength-
sensitive cone cell is devoid of labeling (Ohtsuka &
Kawamata, 1990). These results suggest that the
immunologicalresemblance between middle- and long-
wavelength sensitive cone opsins in the mammalian
retina does not seem to be preserved in the nonmam-
malian retina. It is postulated that cone opsins might
demonstrate wider varieties in molecular composition
among nonmammals.If this is the case, it seems difficult
to make a completeclassificationof all typesof cone cells
using anti-visualpigment antibodies.
Recently, more attempts to distinguishbetween these
subclasses of cone cells have been made using PNA
labeling.PNA, which recognizesGal-GalNAcdisacchar-
ide linkage (Lotan et al., 1975),is preferentiallybound to
the outer segment region of the short-to-middle-wave-
length-sensitivecone cells in the ground squirrel retina
(SZ61 et al., 1993), and those of middle-to-long-
wavelength-sensitive cone cells in the porcine retina
(Rohlich et al., 1989). However, there are few reports
concerning the classification of the cone cells by PNA
labeling in the nonmammalian retinas (Bridges, 1981).
The present results indicate that PNA, which preferen-
tially labels long-wavelength-sensitivecone cells in the
dace retina, maybe useful as a means of classifyingcone
cells. The preference of PNA for long-wavelength-
sensitive cone cells does not seem to depend on the
concentration of PNA applied, or experimental proce-
dures. Cross matching of the results obtained by
cytochemical labelings using PNA and anti-visual
pigment antibodies might bring more fruitful results in
the cone cell typing among the nonmammalian retina.
PNA is known to bind to the interphotoreceptormatrix
(1PM)surroundingall types of cone cells, in addition to
the cone outer segment membrane proper in the murine
(Uehara et al., 1990),ground squirrel (SZ61et al., 1993),
porcine, bovine, monkey, and human retina (Johnson et
al., 1986; Sameshima et al., 1987). In the present study,
however, the PNA-positive 1PM has not been found
around the cone cells in the dace retina. It is difficult to
determine whether the present results represent species
differences in the presence of PNA-binding 1PM,or the
Ioss of 1PMduring specimen preparation. In the former
case, perhaps, the absence of 1PM is related to the
presence of the elaborate retinal pigment epithelial
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FIGURE3, (a) and (b) High magnificationof rectangularareas in Fig.
2(a). Note the depositionof numerousFer-PNAparticles (arrowheads)
on and near the calycal process (CP) surroundingthe proximalportion
of the outer segmentof the long-double-conecell (a). By contrast,only
few ferritin particles are depositedon the correspondingregion of the
outer segment of the short-double-cone cell (b). (c) and (d) High
magnification of rectangular areas in Fig. 2(b). Numerous Fer-PNA
particles (arrowheads)are boundto the calycal processsurroundingthe
proximalportionof the outer segmentof the long-double-conecell (c).
Few ferritin particles are depositedon the correspondingregion of the
outer segment of the short-double-cone cell (d). Bar = 0.1 pm,
x 132000. (e) High magnificationof the area indicated by an arrow
in Fig. 2(c). Note a number of Fer-PNA particles on and near the
calycal processes of the long-double-cone cell. Bar = 0.1 ~m,
x 90000.
processes and the calycal processes surrounding cone
outer segment i.nthe dace retina (Johnson et al., 1986).
Although the major PNA-binding site is the proximal
region of the long-wavelength-sensitive cone outer
segment, the present study shows a discrepancy in the
labeling between b-PNA and Fer-PNA. The b-PNA
slightlyto moderatelybinds to the distalpart of the long-
wavelength-sensitivecone outer segment as well as the
other types of cone outer segments, which are free of
labeling with Fer-PNA. The finding may reflect differ-
ences in the specificitybetween b-PNA and Fer-PNA. In
addition, it has been considered that acrylamide resin,
which is used as the embedding medium in the labeling
with b-PNA, may be more suitabIe for preservation of
PNA-binding glycoconjugates compared with Epon
(Johnsonet al., 1986).Therefore; it is possiblethat some
parts of PNA-bindingglycoconjugatesmightbe extracted
during specimen preparation for ultrastructural pre-
embedding labeling using Epon.
FIGURE 4. Electron micrographs of the outer segments of the 1ong-
single (a), middle-single-cone(b), agd rod cell (c) labeled with Fer-
PNA. (a) A number of Fer-PNAparticles (arrowheads) are visible on
and near the calycal process surround$rgthe proximal portion of the
long-single-coneouter segment.Note that the plasma memb~aneof the
cone outer segment is devoid of PNA-labeling. (h) There are few
ferritin particles on the correspondingregionof the middle-single-cone
cell. (c) Ferritin particles are not visible in the rod cell. Bar = 0.1 #m,
X 132000.
However, it is clear that the major PNA binding site is
the calycal process surrounding the long-wavelength-
sensitivecone outer segment.PNA binding to the calycal
process has not been reported in other vertebrates
(Sameshima et al., 1987; Blanks et al., 1988). The
calycal processes are derived from peripheral microvilli
of the inner segment, to which no special function has
been assigned (Young, 1976). Recently, it has been
discovered that the calycal processes of teleost rods are
dynamic structures,which shorten during light-activated
myoid elongation (Pagh-Roehl et al., 1992). The
discovery of a high concentration of arrestin (Mangini
& Pepperberg,1988)and as-yet unknowncGMP-binding
proteins (Caretta & Saibil, 1989) suggests an intimate
association with the photoreceptor outer segment. Con-
sistently, electron microscopy has revealed the linkages
between disc membranes and calycal processes in the
frog retina (Fetter & Corless, 1987). Based on these
results, it is believed that the calycal process may
subserve the maintenance and assembly of the outer
segmentmembranes(Brown et al., 1963).It is of interest
that these functionsare also assignedto the 1PM(Johnson
et al., 1986), which is closely adjacent to the calycal
process. If the 1PMis really absent in the dace retina, the
calycal process might play the role of the 1PM.
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